SPREAD SPECTRUM SIGNAL PROCESSING APPARATUS 
AND SPREAD SPECTRUM COMMUNICATION SYSTEM 

TECHNICAL FIELD 
5 The present invention relates to, in a spread spectrum 

communication/ an apparatus for performing a 
synchronization recognition or a despreading, and to a 
system using this apparatus, and in particular, relates 
to, in a spread spectrum communication using a long 
10 spreading code, a spread spectrum signal processing 
apparatus and a spread spectrum communication system 
which is suitable for performing communication by using 
a correlator having a size mountable on a portable 
equipment . 

15 

BACKGROUND ART 
In the prior art, as a communication providing high 
security, a spread spectrum communication is known. In 
a transmitter for spread spectrum communication, for 

20 example, digital data to be transmitted is spread over 
a wide frequency band by using a spreading code having 
a prescribed length, and then transmitted. In a receiver 
for spread spectrum communication, by using a code 
identical with the spreading code of the transmitter, 

25 a correlation between this spreading code and a received 
spread signal is determined and a correlation output peak 
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is obtained. It is usually called a despreading 
demodulation to determine the correlation, to obtain a 
sequence of correlation peaks, and to retrieve the 
original digital signal based on this. In this 
5 despreading demodulation, there are two methods, and in 
the method, after detecting a phase difference 
(synchronization recognition) between local signal 
generators respectively within the transmitter and the 
receiver based on time information of the correlation 

10 output from a correlator, the despreading demodulation 
is performed by obtaining the sequence of correlation 
peaks, and in the other method, the despreading 
demodulation is performed by obtaining the sequence of 
correlation peaks directly from the correlator. As the 

15 correlator to detect the correlation, for example, a 
surface acoustic wave (SAW) device such as a surface 
acoustic wave convolver or a matched filter may be used. 

In order to realize a spread spectrum communication 
with high quality, it is desirable to increase the length 

20 of the spreading code, and it is known that by increasing 
the length of the spreading code, a process gain which 
is also an index of a suppression level of interference 
waves in the spread spectrum communication is improved. 
However, when the length of the spreading code is 

25 increased, an interaction length to obtain the 

correlation is increased, and results in an increase in 



2 



size of the surface acoustic wave device, and various 
problems are caused due to this increase. For example, 
in the surface acoustic wave convolver, a longitudinal 
length (interaction length) L of a convolution region 
5 required to obtain the correlation output is expressed 
by the following equation (1). 

L=NxV/Rc (1) 

where, N is the length (bits) of a spreading code, 

V is the velocity (m/s) of a surface acoustic wave, and 
10 Rc is the chip rate (cps). 

In the next-generation mobile communication system 
such as an IMT-2 000 , etc . , the length of a short code used 
for an initial synchronization acquisition is 256 bits, 
and the chip rate is 4 Mcps. Furthermore, since the 
15 velocity of surface acoustic wave of a 128 degree rotation 

Y cut - X direction propagation LiNb0 3 which is a typical 
surface acoustic wave substrateis 4000m/s, when a surface 
acoustic wave cnvolver is manufactured by using such a 
piezo-electric substrate, an interaction length L will 

20 be 2 5 6 mm according to the above equation ( 1 ) . Generally, 
when the size of the piezo-electric substrate reaches 
100 mm or larger, since the manufacture of the 
piezo-electric substrate itself is technically difficult, 
it is very difficult to obtain such a piezo-electric 

25 substrate, and even when it is obtained, it will be very 
expensive. 
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On the other hand, the size in an orthogonal direction 
(hereinafter, referred to as a width direction) to the 
above-mentioned longitudinal direction may be sufficient 
if it is in the order of several hundred X, (X, is the 
5 wavelength of the surface acoustic wave) although it 
depends on a type or a structure of an interdigital 
electrode. In this case, the shape of the piezo-electric 
substrate required to manufacture the surface acoustic 
wave convolver will be very elongate shape. Since most 

10 of the shapes of the piezo-electric wafers available in 
the market are circular, in order to cut out a 
piezo-electric substrate required for the surface 
acoustic wave convolver without waste, it is necessary 
not only its size is smaller than that of the 

15 piezo-electric wafer but also the lengths in the 

ongitudinal direction and in the width direction are not 
different to a great extent. It is an important problem 
which directly reflects on the manufacturing cost of the 
surface acoustic wave convolver, how many piezo-electric 

20 substrates can be cut out from one sheet of piezo-electric 
wafer . 

Accordingly, when the shape of the piezo-electric 
substrate is very elongate, since it is impossible to 
cut out many piezo-electric substrates from one sheet 
25 of piezo-electric wafer, there is a problem that the 
manufacturing cost is increased remarkably. 
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Furthermore, when the shape of the piezo-electr ic 
substrate is very elongate, there is another problem that 
the mechanical bending strength becomes very weak, and 
the handling is difficult. 
5 Furthermore, a problem also arises in an optical mask 

and an exposing device required for forming an electrode 
pattern on the piezo-electric substrate by a 
photolithography technique or the like. Specifically, 
the optical mask can be manipulated, at the present time, 

10 for an electrode pattern of about 130 mm or less, and 
it is impossible to manipulate for the electrode pattern 
exceeding this limit . Also , s ince usual exposing devices 
are designed to form an electrode pattern less than 100 
mm, a large modification is required for the electrode 

15 pattern of 100 mm or larger. 

Furthermore, as one of important applications of the 
surface acoustic wave convolver, the use as a part of 
a mobile communication handy terminal may be considered, 
that is , as a correlator in a CDMA (Code -Division Multiple 

20 Access) system using a spread spectrum communication by 
a DS (Direct Sequence) system. The progress in the recent 
miniaturizing technique of handy terminal for mobile 
communication is remarkable, and as an example, a mobile 
phone having a size of 130 mm (length) x 41 mm (width) 

25 x 25 mm (thickness) has been in practical use. For this 
reason, when the surface acoustic wave convolver is to 
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be used in the handy terminal, it is a mandatory condition 
that the size of the surface acoustic wave convolver is 
small as compared with the handy terminal. 

Therefore , in the spread spectrum communication us ing 
a long spreading code, it has been essentially impossible 
to mount an analog correlator such as a surface acoustic 
wave convolver and a surface acoustic wave matched filter 
and the like having a size as large as 256 mm on the handy 
terminal . 

The present invention was made in view of the unsolved 
problems in the prior art, and it is an object to provide 
a spread spectrum signal processing apparatus and a spread 
spectrum communication system suitable for communication 
by using a correlator having a size mountable on a portable 
equipment in a spread spectrum communication using a long 
spreading code. 

DISCLOSURE OF INVENTION 
Inorderto achieve the above ob j ect , a spread spectrum 
signal processing apparatus as set forth in claim 1 in 
the present invention, comprises a correlator for 
detecting a correlation between a spread spectrum signal 
and a given reference signal, and processes a correlation 
signal from the correlator, and wherein each of the divided 
codes obtained by dividing into plurality a spreading 
code of a prescribed length for despreading the spread 



signal is applied sequentially to the correlator as a 
reference signal in accordance with the order of 
arrangement in the spreading code, and the correlation 
signal output corresponding to the each of the divided 
5 codes is summed , and the result of the summation is output . 

in this construction, each of the divided codes is 
sequentially applied as a reference signal to the 
correlator in accordance with the order of arrangement 
in the spreading code. In the correlator, when the 

10 reference signal as each divided code is applied, the 
correlation between the reference signal as each divided 
code and the spread signal is determined, and its result 
is output as the correlation signal. When the 
correlation signal is output corresponding to each 

15 divided code, these correlation signals are summed, and 
the summed result is output. 

More specifically, when the spread signal which is 
spread as a spread spectrum signal by an identical code 
with the spreading code is input to the correlator, in 

20 the correlation signal which is output corresponding to 
each divided code, a peak appears at the same position 
on the basis of the timing at which each divided code 
is applied. Accordingly, when the correlation signals 
are summed, since all the peak positions are overlapped, 

25 in the summed result, a peak of a further higher level 
appears. This means that this result is equivalent to 
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that which is obtained when the correlation processing 
is performed by using the spreading code as it is without 
dividing the spreading code. 

Furthermore, when a spread spectrum signal by using 
5 a code different from the spreading code is input to the 
correlator, in each correlation signal which is output 
corresponding to each divided code, a peak appears at 
a different position on the basis of the timing at which 
each code is supplied, or no peak appears. As a result, 

10 even when these correlation signals are summed, since 
all the peaks are not overlapped, no higher level peak 
appears in the summed result. 

As described above, in the correlator, since it is 
allowed to perform the correlation processing by using 

15 divided codes whose length is shorter than that of the 
spreading code, there is no need to use a correlator having 
an interaction length corresponding to the length of the 
spreading code, and a correlator having an interaction 
length corresponding to the length of the divided codes 

20 may be used. For example , when the length o f the spreading 
code is 256 bits, assuming that the length of each divided 
code is 64 bits , it is only necessary to use the correlator 
having the interaction length of 64 mm according to the 
above-mentioned equation (1). 

25 The spread spectrum signal processing apparatus as 

set forth in claim 2 according to the present invention 



comprises a correlator for determining a correlation 
between a spread spectrum signal and a given reference 
signal, and processes a correlation signal from the 
correlator, and further comprises control means for 
5 controlling the supply of each divided code, which is 
obtained by dividing a spreading code of a prescribed 
length into a plurality of divided codes, as a reference 
signal to the correlator sequentially in accordance with 
the order of arrangement in the spreading code, and 

10 signal processing means for summing the correlation 
signals output from the correlator and for outputting 
a summed result. 

In this construction, each divided code is 
sequentially applied to the correlator as the reference 

15 signal by the control means in accordance with the order 
of arrangement in the spreading code. In the correlator, 
when the reference signal is applied as each divided code, 
the correlation between the reference signal as each 
divided code and the spread signal is determined, and 

20 its result is output as the correlation signal. When 
the correlation signal is output corresponding to each 
divided code, the correlation signal is summed by the 
signal processing means , and the summed result is output . 
Therefore, for the reason similar to claim 1 mentioned 

25 above, in the correlator, since it is allowed to perform 
the correlation processing by using divided codes whose 
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length is shorter than that of the spreading code, there 
is no need to use a correlator having an interaction length 
corresponding to the length of the spreading code, and 
a correlator having an interaction length corresponding 
5 to the length of the divided codes may be used. 

Furthermore, in the spread spectrum signal processing 
apparatus in claim 3 according to the present invention, 
the signal processing means in claim 2 comprises an A/D 
converter for converting the correlation signal into a 

10 digital signal, memory means for storing the digital 
signal from the A/D converter as digital data, and a signal 
processor for summing the digital data corresponding to 
the each divided code and outputting a result of the 
summation, and wherein the signal processor starts the 

15 summing of the digital data by making reference to the 
timing at which the control means applies the each divided 
code to the correlator. 

In this construction, as a result of applying the each 
divided code to the correlator as the reference signal, 

20 when the correlation signal is output corresponding to 
the each divided code, the correlation signals are 
sequentially converted into the digital signal by the 
A/D converter, and stored in the memory means as digital 
data. And, as the summing of the digital data is started 

25 by making reference to the timing at which the control 
means applies the divided code to the correlator, the 
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digital data corresponding to each divided code is summed, 
and the result of the summation is output. 

Furthermore, in the spread spectrum signal processing 
apparatus in claim 4 according to the present invention, 
5 the signal processing means according to claim 2 comprises 
a plurality of delay elements each for delaying a signal 
by a time duration corresponding to the length of the 
divided code, and the plurality of delay elements are 
connected in cascade, and the output of the correlator 
10 is connected to the input of each delay element and to 
the output of the last stage of the plurality of delay 
elements. 

In this construction, as a result of supplying the 
each divided code to the cor relator as the re fere nee signal , 

15 when the correlation signal is output corresponding to 
the each divided code, the correlation signal is summed 
by each delay element on the basis of the timing at which 
each divided code is applied, and the result of the 
summation is output. 

20 Furthermore, in the spread spectrum signal processing 

apparatus as set forth in claim 5 according to the present 
invention, the signal processing means in claim 2 
comprises a plurality of delay elements each for delaying 
a signal by a time duration corresponding to the length 

25 of the divided code, and an adder for summing a delayed 
signal from each delay element and the correlation signal, 
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and wherein the delay elements are connected in cascade, 
and the output of the correlator is connected to the input 
of the delay element at the first stage. 

In this construction, as a result of applying each 
5 divided code to the correlator as the reference signal, 
when the correlation signal is output corresponding to 
the each divided code, the correlation signals are summed 
by each delay element and the adder on the basis of the 
timing at which each divided code is applied, and the 

LO result of the summation is output. 

Furthermore, in the spread spectrum signal processing 
apparatus as set forth in claim 6 according to the present 
invention, in the spread spectrum signal processing 
apparatus according to any one of claim 1 to claim 5, 

15 any divided code has the same length. 

In the construction in which the number of divisions 
of the spreading code is the same, if the each divided 
code has the same length, a correlator having a minimum 
interaction length may be used. 

20 Furthermore, in the spread spectrum s ignal process ing 

apparatus as set forth in claim 7 according to the present 
invention, in the spread spectrum signal processing 
apparatus according to any one of claim 1 to claim 6, 
the correlator is a surface acoustic wave convolver, and 

25 the each divided code has the same length as or shorter 
length than the code length corresponding to the 
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interaction length of the convolver. 

In this construction, there is no need to use the 
surface acoustic wave convolver having the interaction 
length corresponding to the spreading code, but the 
5 surface acoustic wave convolver having the interaction 
length corresponding to the divided code may be used. 

Here, it is preferable to use the surface acoustic 
wave convolver having the interaction length 
corresponding to the spreading code, and for example, 

10 a piezo-electric type, a semiconductor /piezo-electric 
type, and piezo-electric /semiconductor type may be used . 
In particular, in order to utilize in the IMT-2000, since 
a sufficient S/N ratio is required for the output of the 
surface acoustic wave convolver, it is preferred to use 

15 the surface acoustic wave convolver having the 
interaction length of 32 chips or more. 

Furthermore, in a spread spectrum signal processing 
apparatus as set forth in claim 8 according to the present 
invention, in the spread spectrum signal processing 

20 apparatus in claim 2, the control means, until a peak 
of the correlation signal is detected, controls to 
generate successively as the reference signal a divided 
code among the divided codes positioned at a prescribed 
order in the arrangement of the spreading code, which 

25 divided codes being produced by dividing the spreading 
code of a prescribed length used for de spreading the spread 
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signal into plurality, and after a peak of the correlation 
signal is detected, each of the divided codes is generated 
as a reference signal sequentially from the next one of 
the prescribed order in accordance with the arrangement 
5 order. 

In such a construction, until the peak of the 
correlation signal is detected, one of the divided codes 
at the prescribed order in the arrangement of the spreading 
code is generated, and when such a generated reference 

10 signal and the spread signal are input into the correlator, 
a correlation between the spread signal and the reference 
signal is determined, and this result is output as a 
correlation signal. 

In such a condition, when a part of the spread signal 

15 which coincides with the divided code is input into the 
correlator, a correlation signal including a peak of a 
high level is output by the correlator, and its correlation 
signal is detected and the peak is detected. 

After the peak of the correlation signal is detected, 

20 each of the divided codes is made to generate by the control 
means as a reference signal sequentially in accordance 
with the order of arrangement in the spreading code. 
However, the start of the generation is begun with the 
next one of the divided code at the prescribed order. 

25 By virtue of this, in the case where a correlator 

corresponding to the length of the divided code is used, 
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even when a phase difference between the spread signal 
and the reference signal is longer than the length of 
the divided code, it is possible to acquire the spread 
signal with relative certainty. 
5 On the other hand , in order to achieve the above obj ect , 

a spread spectrum communication system as set forth in 
claim 9 according to the present invention is a spread 
spectrum communication system to perform the 
communication between at least two communication 

10 equipments by a spread spectrum signal, and the 

communication equipment comprises synchronization 
detecting means for detecting synchronization of the 
spread signal, and despreading means for performing 
despreading on the spread signal by making reference to 

15 a synchronization recognition signal from the 

synchronization detecting means, and wherein the spread 
spectrum signal processing apparatus according to any 
one of claim 1 to claim 7 is applied to either one of 
the synchronization detecting means and the despreading 

20 means . 

In such a construction, as the correlator which is 
used in either one of the synchronization detecting means 
and the despreading means, there is no need to use a 
correlator having an interaction length corresponding 
25 to the length of the spreading code, and a correlator 
having an interaction length corresponding to the length 
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of the divided code may be used. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 shows a block diagram of a first circuit 
5 construction for a spread spectrum signal processing 
according to the present invention. 

Fig. 2 is a diagram showing an example of correlation 
processing in the correlator 10. 

Fig. 3 shows time charts of correlation signals at 
10 points A - C in Fig. 1. 

Fig. 4 shows diagrams of comparison examples with the 
prior art. 

Fig. 5 shows a block diagram of a second circuit 
construction of a spread spectrum signal processing 
15 according to the present invention. 

Fig. 6 shows a time chart of correlation signals which 
are output from the delay element DL15 at a point D in 
Fig. 5. 

Fig. 7 shows a block diagram of a third circuit 
20 construction of a spread spectrum signal processing 
according to the present invention. 

Fig. 8 is a diagram showing a structure of a spread 
signal . 

Fig. 9 is a block diagram showing a circuit 
25 construction of an embodiment of a spread spectrum signal 
processing apparatus according to the present invention. 
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Fig. 10 is a flow chart showing a signal processing 
executed in the signal processing circuit 18. 

Fig. 11 is a diagram showing an example of a correlation 
processing in the correlator 3. 
5 Fig. 12 are time charts showing correlation signals 

at points A and B in Fig. 9. 

Fig. 13 is a time chart showing correlation signals 
which are output in the case where a despreading code 
of 256 (bits) is used by dividing it into 8. 
10 Fig. 14 is a time chart showing correlation signals 

which are output in the case where a despreading code 
of 256 (bits) is used by dividing it into 16. 



BEST MODE FOR CARRYING OUT THE INVENTION 
15 Hereinafter, a first embodiment of a spread spectrum 

signal processing apparatus according to the present 
invention will be described with reference to the drawings 
Figs. 1 to 4 are diagrams showing the first embodiment 
of the spread spectrum signal processing apparatus 
20 according to the present invention. 

In this first embodiment, the spread spectrum signal 
processing apparatus according to the present invention 
is applied to the case in which the synchronization 
recognition of a spread spectrum signal is performed by 
25 a digital processing in a spread spectrum communication 
using a spreading code of 256 bits, as in the next 
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generation mobile communication system such as IMT-2000 
or the like. More specifically, in a communication 
equipment which comprises a synchronization detector for 
detecting synchronization of the spread spectrum signal, 
5 and a despreading circuit for despreading the spread 
signal by making reference to the synchronization 
recognition signal from the synchronization detector, 
and which performs communication by the spread 

spectrum signal, the spread spectrum signal processing 

10 apparatus according to the present invention is applied 
to the synchronization detector. In this respect, as 
the spreading code, for example, according to the IMT-2 0 0 0 , 
a Gold code of 256 bits is used. 

First, the construction of the spread spectrum signal 

15 processing apparatus will be described with reference 
to Fig. 1. Fig. 1 is a block diagram showing a first 
circuit construction of the spread spectrum signal 
processing apparatus according to the present invention. 
The spread spectrum signal processing apparatus 

20 according to the present invention, as shown in Fig. 1, 
comprises a correlator 10 for determining a correlation 
between a spread spectrum signal and a reference signal 
applied thereto, a reference signal generator 20 for 
producing the reference signal and applying to the 

25 correlator 10, a detector 30 for shaping the correlation 
signal from the correlator 10, an A/D converter 40 for 
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converting the correlation signal from the detector 30 
into a digital signal at a prescribed sampling frequency, 
a memory 50 for storing the digital signal from the A/D 
converter as digital data, a signal processor 60 for 
5 performing a signal processing on the digital data of 
the memory 50, and a control unit 70 for controlling the 
reference signal generator 20 and the signal processor 
60 . 

The correlator 10 is formed by a surface acoustic wave 

10 convolver, and it has an interaction length corresponding 
to a length {16 bits) of 1/16 of a length of a spreading 
code {for example, a spreading code X) for despreading 
a spread s ignal , and a correlation process in g of the spread 
signal and the reference signal is performed as a unit 

15 of 1/16 of the length of the spreading code X. In this 
case, the interaction length L is 16 mm according to the 
above-mentioned equation { 1 ) - 

The reference signal generator 20 divides beforehand 
the spreading code X into a plurality of codes Ci-C ie each 

20 having a length corresponding to 1/16 of the spreading 
code x so that the each code has the length corresponding 
to the interaction length of the correlator 10 , and ouputs 
each of the divided codes Ci-Ci 6 to the correlator 10 as 
a reference signal under the control of the control unit 

25 70 . 

The detector 30 performs a full-wave rectification 
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of the correlation signal from the correlator 10 so that 
the correlation signal can be digitally converted in the 
A/D converter 40, and performs a frequency conversion 
so as to make the correlation signal has a lower frequency . 
5 The control unit 70 controls the reference signal 

generator 20 so that each of the divided codes Ci-Ci 6 is 
repeatedly applied in this order to the correlator 10, 
and also, at the time of performing the control of applying 
the code Ci again after performing the control of applying 
10 the code Ci 6f outputs to the signal processor 60 a timing 
signal indicative of the timing of application of the 
code Ci. 

The signal processor 60 upon receiving the timing 
signal from the control unit 7 0 , starts the summing process 

15 of digital data within the memory 50, and outputs the 
summed result. This summing process sums digital data 
corresponding to each of the divided codes Ci-Ci 6 on the 
basis of the timing at which each of the divided codes 
Ci-Ci 6 is applied to the correlator 10. At this time, 

20 the storing position of each digital data within the memory 
50 is specified based on the length of each of the divided 
codes C;l-Ci 6 and the sampling rate of the A/D converter 
40 . 

Next, the operation of the above first embodiment will 
25 be described with reference to Figs. 2 to 4 . Fig. 2 is 
a diagram showing an example of the correlation process 
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in the correlator 10, and Fig. 3 shows time charts showing 
correlation signals at points A to C respectively, and 
Fig. 4 shows a comparison example with the prior art. 

First, when the reference signal oacillator 20 is 
controlled by the control unit 70, each of the divided 
codes Ci-Cie is applied in this order to the correlator 
10 repeatedly as a reference signal. In this case, at 
a time point at which the divided code Ci is applied, for 
example, as shown in Fig. 2, when a spread spectrum signal 
by a spreading code Y is input to the correlator 10, 
supposing that the spreading code Y is made up of a 
plurality of divided codes Ci-Ci 6 each having a length 
corresponding to 1/16 of the spreading code Y, in the 
correlator 10 , a correlation process is performed between 
the divided code Ci of the spreading code X and the divided 
codes C'i of the spreading code Y, and its correlation 
signal is output. In the same manner, a correlation 
process is performed between the divided codes C 2 - C 16 
of the spreading code X and the divided codes C' 2 - C'i 6 
of the spreading code Y respectively, and its correlation 
signals are output sequentially. 

As mentioned above, when the correlation signals are 
output sequentially corresponding to each of the divided 
codes Ci - Ci 6 , the correlation signals from the correlator 
10 are shaped by the detector 30, and the correlation 
signals from the detector 30 are converted into digital 
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signals , and these digital signals are stored in the memory 
50 as digital data. In the memory 50, the digital data 
is stored, for example, by a FIFO method. 

On the other hand, in the control unit 70, after 
5 performing the control to apply the divided code C16, 
when performing the control to apply the divided code 
CI again, a timing signal indicative of its timing is 
output to the signal processor 60. In the signal 
processor 60, when the timing signal is input from the 
10 control unit 70, the summing process is started to sum 
the digital data within the memory 50 corresponding to 
each of the divided codes C x - C 16 , and the summed result 
is output. 

Since the processing of the correlation signals is 
15 performed as mentioned above, when the spread signal which 
has been spread in spectrum by the same code as the 
spreading code X is input, the correlation signals which 
are output respectively corresponding to the divided 
codes Ci - Ci 6 are as shown in Fig. 3 (a). Fig. 3 (a) is 
20 a time chart showing the correlation signals output from 
the correlator 10 at a point A in Fig. 1. 

More specifically, in Fig. 3 (a), at the time when 
the divided code C x is applied to the correlator 10 as 
a reference signal, if a portion of the spread signal 
25 corresponding to the divided code C x is input, which spread 
signal has been spread in spectrum by the same code as 
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the spreading code X, a peak appears in the correlation 
signal at a prescribed position indicating that the 
coincidence is obtained. Similarly, when divided codes 
C 2 - C 4 are applied to the correlator 10 as reference signals, 
5 if portions of the spread signal corresponding to the 
divided code C 2 - C 4 are input, which spread signal has 
been spread in spectrum by the same code as the spreading 
code X, peaks indicating the coincidence appear in the 
correlation signals at respectively the same positions 
10 as in the case of the divided code Ci. 

When these correlation signals are input to the 
detector 30, in the detector 3 0 , these correlation signals 
are shaped as shown in Fig. 3 (b) so that these signals 
can be converted digitally in the A/D converter 40, and 
15 then they are output. Fig. 3 (b) is a time chart showing 
the correlation signals output from the correlator 10 
at a point B in Fig. 1. 

Accordingly, when such correlation signals are summed 
after being stored as the digital data in the memory 50, 
20 since each digital data has a peak which appears at the 
same position, all the peaks are summed overlapped one 
another, and in the result of the summation as shown in 
Fig. 3(c), a peak of a further high level appears. Fig. 
3(c) is a time chart showing the correlation signal output 
25 from the signal processor 60 at a point C in Fig. 1. 

Also, when a spread signal which has been spread in 



23 



spectrum with a code different from the spreading code 
X is input, in correlation signals which are output 
respectively corresponding to divided codes Ci - Ci 6 , peaks 
appear respectively at different positions or a peak does 
5 not appear. Thus, after these correlation signals are 
stored in the memory 50 as digital data, even if these 
digital data are summed, all peaks are never summed 
overlapped one another, and in a summed result, a peak 
as shown in Fig. 3(c) never appears. 

10 Furthermore, when comparing the case wherein the 

spread spectrum signal processing apparatus according 
to the present invention is applied, with the prior art 
case wherein a correlator having an interaction length 
corresponding to a length of the spreading code X is used 

15 without applying the spread spectrum signal processing 
apparatus according to the present invention, the 
correlation signals which are output respectively are 
shown in Fig. 4. Fig. 4(a) is a time chart of correlation 
signals output from the signal processor 60 in the case 

20 wherein the spread spectrum signal processing apparatus 
according to the present invention is applied, and Fig. 
4(b) is a time chart of correlation signals output from 
a correlator in the case of the prior art. 

From Figs . 4(a) and 4(b), it will be seen that in either 

25 case, substantially the same peaks appear in the 
correlation signal. 
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As mentioned above, in the embodiment of the present 
invention, there are comprised the correlator 10 for 
correlating the spread spectrum signal with the given 
reference signal, the A/D converter 40 for digitally 
5 converting the correlation signal, the memory 50 for 
storing the digital signal from the A/D converter 40 as 
the digital data, the signal processor 60 for summing 
the digital data respectively corresponding to divided 
codes Ci - Cie and for outputting the summed result, and 
10 the control unit 70 for controlling the reference signal 
generator 20 so that the divided codes C 2 - C 16 are applied 
in this order repeatedly to the correlator 10 . The signal 
processor 60 is designed such that when the control unit 
70 performs the control to apply the divided code CI again 
15 after performing the control to apply the divided code 
C16, the signal processor 60 begins the summing process 
of the digital data by making reference to the timing 
signal output by the control unit 70. 

As a result, in the correlator 10, it is possible 
20 to perform the correlation process by using the divided 
codes Ci - C 16 each having the length smaller than the 
spreading code X, and there is no need for the correlator 
10 to use the one having an interaction length 
corresponding to the length (256 bits) of the spreading 
25 code X, and it is possible to use the correlator 10 having 
an interaction length corresponding to the length (16 
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bits) of each of the divided codes C x - C 16 . Therefore, 
in the spread spectrum communication which uses a long 
spreading code, as compared with the prior art, it is 
possible to perform the synchronization recognition of 
5 the spread spectrum signal , by using a correlator 1 0 having 
a size mountable on a portable equipment. 

Furthermore, in the case wherein the correlator 10 
is constituted wit ha surface acoustic wave matched filter 
or a digital matched filter, since a despreading code 

10 is fixed, and since different despreading codes cannot 
be used in a single correlator, even if it is intended 
to use the despreading code by dividing it as in the present 
invention, since the divided codes are respectively 
different, a plurality of correlators corresponding in 

15 number to the number of divisions are required. In 
contrast, in the present embodiment, the correlator 10 
is constituted with a surface acoustic wave convolver. 
By virtue of this, only one correlator 10, which is 
designed to use the despreading code by dividing it, is 

20 required, and in addition since the consumption of 

electric power is smaller in an analog correlator than 
a digital correlator, it is possible to achieve a smaller 
scale of the circuitry, and the reduction of electric 
power consumption can be attained. 

25 Moreover, in the present embodiment, each of the 

divided codes Ci - C 16 is made to have the same length. 



By virtue of this, in the case where the spreading 
code X is divided by the same number of division, for 
the correlator 10, a correlator having a minimum 
interaction length can be used. 
5 Next, a second embodiment of the spread spectrum signal 

processing apparatus will be described with reference 
to the drawings. Figs. 5 and 6 are diagrams showing the 
second embodiment of the spread spectrum signal 
processing apparatus according to the present invention. 

10 In the second embodiment, the spread spectrum signal 

processing apparatus according to the present invention 
is applied to the case where the synchronization 
recognition of the spread spectrum signal is performed 
by an analog processing in the spread spectrum 

15 communication using a spreading code of 256 bits as in 
the next generation mobile communication system such as 
the IMT - 2000 or the like. In this respect, as the 
spreading code, for example, according to the IMT - 2000 , 
a Gold code of 256 bits is used. 

20 First, the spread spectrum signal processing 

apparatus according to the present invention will be 
described with reference to Fig. 5. Fig. 5 is a block 
diagram showing a second circuit construction of the 
spread spectrum signal processing apparatus according 

25 to the present invention. The identical parts with those 
of the first embodiment are assigned with identical 
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reference numerals and explanations thereof are omitted. 

The spread spectrum signal processing apparatus 
according to the present invention, as shown in Fig. 5, 
comprises a correlator 10, a reference signal generator 
5 20, acontrolunit70, and a plurality of cascade- connected 
delay elements DLi - DLi 5 . 

The delay element DLi receives a correlation signal 
as an input signal from the correlator 10, and delays 
the input signal by a time duration (for example, 4 [xs ) 

10 corresponding to a length of each of the divided codes 
Ci - Cis, and each of the delay elements DL 2 - DLi 5 receives 
a sum of a delayed signal from each of the preceding delay 
element d - C 14 and the correlation signal from the 
correlator 10, and delays the input signal by the time 

15 duration corresponding to the length of each of the divided 
codes Ci - Cie, Furthermore, the output of the delay 
element DL 15 is connected to the output of the correlator 
10, and a delayed signal from the delay element C15 and 
the correlation signal from the correlator 10 are summed. 

20 Next, the operation of the second embodiment will be 

described . 

First, as a result of the control of the reference 
signal generator 20 by the control unit 70, when each 
of the divided codes Ci - C 16 is applied to the correlator 
25 10 as a reference signal from the reference signal 

generator 20, a correlation signal is output from the 
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correlator 10 corresponding to each of the divided codes 
c 1 - c 16 . 

When the correlation signal is sequentially output, 
the correlation signal which is output corresponding to 
5 each of the divided codes Cj - d 6 , is delayed by the delay 
element DLi by a time duration corresponding to the length 
of each of the divided codes d - Ci 6 . As a result, at 
the output of the delay element DLI , the correlation signal 
corresponding to the divided code Ci and delayed by the 

10 delay element DLI is summed with the correlation signal 
which is output corresponding to the divided code C 2 , 
and the summed signal is supplied to the delay element 
DL 2 . Subsequently, at the output terminal of the delay 
element DL 2 , the correlation signals corresponding to 

15 the divided codes Ci and C 2 and delayed by the delay element 
DL 2 is summed with the correlation signal which is output 
corresponding to the divided code C 3 , and then supplied 
to the delay element DL 3 • 

In the same manner, at the output terminal of each 

20 of the delay elements DL 3 - DL i4 , the correlation signal 
corresponding to each of the divided codes Ci - C 14 delayed 
by each of the delay elements DL 3 - DL i4 , and the correlation 
signal which is output in correspondence with the divided 
code C 3 - C15 are summed and supplied to the next stage 

25 delay element DL 4 - DL 5 . At the output of the last stage 
delay element DLi 5/ the correlaltion signals respectively 
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corresponding to divided codes Ci - C 15 delayed by the 
delay element DL15, and the correlation signal which is 
output corresponding to the divided code C16 are summed 
and output. 

5 Since the processing of the correlation signal is 

performed as mentioned above, when a spread spectrum 
signal by the same code as the spreading code X is input, 
at the delay element DL15, the correlation signals which 
are output corresponding to divided codes Ci - C 16 are 

10 as shown in Fig. 6. Fig. 6 is a time chart showing the 
correlation signals which are output from the delay 
element DL15 at a point D in Fig. 5, and the correlation 
signals are taken at one stationary point when the spread 
signal is input continuously. 

15 Specifically, when the divided code Ci is supplied 

to the correlator 10 as a reference signal, when a portion 
corresponding to the divided code C 1 in the spread spectrum 
signal by the same code as the spreading code X is input, 
a peak appears at a prescribed position in the correlation 

20 signal indicating the coincidence. In the same manner, 
when the divided codes C 2 - C 16 are supplied to the 
correlator 10 as reference signals, when portions 
corresponding to the divided code C 2 - C 16 in the spread 
spectrum signal by the same code as the spreading code 

25 X are input, peaks appear in the correlation signals at 
the same positions as the case in the divided code C x 
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indicating the coincidence. 

As a result, when these correlation signals are 
respectively delayed and summed, since the peak appears 
at the same position in each of the correlation signals , 
5 all the peaks are summed overlapped, and the summed result 
appears as a peak of a further high level. 

Furthermore, when a spread spectrum signal by a code 
different from the spreading code X is input, in the 
correlation signals which are output corresponding 
10 respectively to divided codes Ci - C 16 at the delay element 
DL15, the peaks appear respectively at different positions , 
or no peak appears . As a result, even when the correlation 
signals are respectively delayed and summed, all the peaks 
are never summed overlapped , and thus in the summed result , 
15 the peaks as shown in Fig. 6 never appear. 

As mentioned above, in the present embodiment, there 
are provided with a plurality of delay elements DLi - 
DL15 for delaying a signal by a time corresponding to the 
length of each of the divided codes Ci - C 16 , and the delay 
20 elements DLi - DL i5 are connected in cascade, and the output 
of the correlator 10 is connected to the input of each 
of the delay elements DL X - DL 15 and to the output of the 
last stage delay element DL i5 . 

By virtue of this arrangement, in the correlator 10, 
25 since it is possible to perform the correlation processing 
by using the divided codes C 1 - C 16 each having a length 
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shorter than the spreading code X, as the correlator 10, 
there is no need to use the one having an interaction 
length corresponding to the length (256 bits) of the 
spreading code X, and the one having an interaction length 
5 corresponding to the length (16 bits) of each of the 
divided codes Ci - C 16 can be used. Accordingly, in the 
spread spectrum communication using a long spreading code, 
as compared with the prior art, it is possible to perform 
the synchronization recognition of the spread spectrum 

10 signal by using a correlator 10 having a size mountable 
on a portable equipment. 

Next, a third embodiment of a spread spectrum 
processing apparatus according to the present invention 
will be described with reference to the drawings. Fig. 7 

15 is a diagram showing the third embodiment of the spread 
spectrum processing apparatus according to the present 
invention . 

In the third embodiment, the spread spectrum 
processing apparatus according to the present invention 

20 is applied to a case where the synchronization recognition 
of the spread spectrum signal is performed by an analog 
processing different from the second embodiment, in the 
spread spectrum communication using the spreading code 
of 256 bits as in the next generation mobile communication 

25 system such as IMT - 2000 or the like. In this respect, 
as the spreading code, for example, according to the IMT 
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- 2000, a Gold code of 256 bits is used. 

First, the arrangement of the spread spectrum 
processing apparatus according to the present invention 
will be described with reference to Fig. 7. Fig. 7 is 
5 a block diagram showing a third circuit arrangement of 
the spread spectrum processing apparatus according to 
the present invention. Hereinafter, identical parts 
with those in the first and the second embodiment are 
assigned with identical reference numerals and detailed 

10 explanation is omitted. 

The spread spectrum processing apparatus according 
to the present invention, as shown in Fig. 1 , comprises 
a correlator 10, a reference signal generator 20, a 
plurality of cascade-connected delay elements DLi - DLi 5 / 

15 and an adder 60a for summing delayed signals from 

respective delay elements DLi - DLi 5 and a correlation 
signal from the correlator 10. 

The delay element DLi is designed to receive a 
correlation signal as an input signal from the correlator 

20 10, and delays the input signal by a time duration 

corresponding to a length of each of the divided codes 
Ci - Ci 6 , and each of the delay elements DL 2 - DL i5 receives 
a delayed signal as an input signal from a preceding stage 
delay element DLi - DL i4 , and delays the input signal by 

25 a time duration corresponding to a length of each of the 
divided codes C x - C 16 . 
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Next, the operation of the third embodiment will be 
described . 

First, as a result of the control of the reference 
signal generator 20 by the control unit 70, when each 
of the divided codes Ci - C 16 is supplied to the correlator 
10 as a reference signal, a correlation signal is output 
by the correlator 10 corresponding to each of the divided 
codes Ci - Cie. 

When the correlation signals are sequentially output, 
at the adder 60a, a correlation signal generated 
corresponding to the divided code Ci and delayed by the 
delay elements DLi - DL i5 , a correlation signal generated 
corresponding to the divided code C 2 and delayed by the 
delay elements DLi - DL i4 , and in the same manner, 
correlation signals respectively generated 
corresponding to the divided codes C 3 - C i5 and delayed 
by the delay elements DLi - DLi 3 , and a correlation signal 
from the correlator 10 (which is output corresponding 
to the divided code C a6 ) are summed, and the summed signal 
is output. 

Since the processing of the correlation signals is 
performed as mentioned above, when a spread spectrum 
signal by the same code as the spreading code X is input, 
at the adder 60a, the correlation signals which are output 
corresponding to the respective divided codes Ci - C 16 
are similar to those shown in Fig. 6. 
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Specifically, when the divided code Ci is supplied 
to the correlator 10 as a reference signal, when a portion 
of the spread signal corresponding to the divided code 
d, which spread signal being spread in spectrum by the 
same code as the spreading code X, is input, a peak appears 
in the correlation signal at a prescribed position 
indicating the coincidence. In the same manner, when 
the divided codes C 2 - C 16 are supplied to the correlator 
10 as reference signals , when portions of the spread signal 
corresponding respectively to the divided codes C 2 - C 16 , 
which spread signal being spread in spectrum by the same 
code as the spreading code X, are input, peaks appear 
in the correlation signals respectively at the same 
position as in the case of the divided code Ci indicating 
the coincidence. 

Accordingly, when these correlation signals are 
respectively delayed and summed, in each correlation 
signal, since a peak appears in any correlation signal 
at the same position, all the peaks are summed overlapped, 
and in the summed result, a peak having a further high 
level appears. 

Furthermore, when a spread spectrum signal by a code 
different from the spreading code X, at the adder 60a, 
in correlation signals which are output respectively 
corresponding to the divided codes C ± - C 16r peaks appear 
respectively at different positions, or no peak appears. 
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Therefore, even when these correlation signals are 
delayed and summed, all the peaks are never summed 
overlapped, and in the summed result, the peak as shown 
in Fig. 6 never appears. 

As described above, in the present embodiment, there 
are comprised a plurality of delay elements DLi - DL i5 
for delaying a signal by a time duration corresponding 
to the length of each of the divided codes Ci - C 16r and 
an adder 60a for summing the delayed signals from the 
delay elements DLi - DL i5 and the correlation signal from 
the correlator 10, and the delay elements DLi - DLi 5 are 
connected in cascade, and at the same time, the output 
terminal of the correlator 10 is connected to the input 
terminal of the first stage delay element DLi . 

By virtue of this, at the correlator 10, since it is 
possible to perform the correlation processing by using 
the divided codes Ci - C 16 having the length shorter than 
the spreading code X, as the correlator 10, there is no 
need to use the one having an interaction length 
corresponding to the length (256 bits) of the spreading 
code X, and instead, the one having an interaction length 
corresponding to the length (16 bits) of each of the 
divided codes Ci - Ci 6 can be used. Accordingly, in the 
spread spectrum communication using a long spreading code, 
as compared with the prior art, it is possible to perform 
the synchronization recognition of the spread spectrum 
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signal, by using a correlator 10 having a size mountable 
on a portable equipment. 

In the first, second, and third embodiments , the spread 
spectrum signal processing apparatus according to the 
5 present invention is applied to the case where the 
synchronization recognition of the spread spectrum 
signal is performed by digital or analog processing in 
the spread spectrum communication using the spreading 
code of 256 bits. However, the present invention is not 
10 limited to this but the present invention may be applied 
to the case where the despreading of the spread spectrum 
signal is performed by digital or analog processing. 
Specifically, in a communication apparatus which 
comprises a synchronization detecting device for 
15 performing the synchronization recognition of the spread 
signal, and a despreading circuit for performing the 
despreading by making reference to a synchronization 
recognition signal from the synchronization detecting 
device, and which performs communication by the spread 
20 spectrum signal spread, the spread spectrum signal 

processing apparatus according to the present invention 
is applied to the despreading circuit. Even applying 
to such a case, the effect equivalent to the 
above-mentioned first, second and third embodiments can 
25 be obtained. 

In the first, second, and third embodiments, the 
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correlator 10 is constituted by a surface acoustic wave 
convolver, however, the present invention is not limited 
to this, but the correlator 10 may be constituted by a 
surface acoustic wave matched filter, a digital matched 
5 filter, or the like. In such a constitution, it is 
possible to perform the synchronization recognition of 
the spread spectrum signal, by using s surface acoustic 
wave matched filter, a digital matched filter, or the 
like having a smaller size as compared with the prior 
10 art. 

Furthermore, in the first, second, and third 
embodiments, the length of each of the divided codes C ± 
- Cie is constituted by 16 bits , however, in order to ensure 
a sufficient S/N ratio of the output signal of the surface 

15 acoustic wave convolver, it is preferable that the length 
of each of the divided codes Ci - C 16 is constituted by 
10 bits or larger, or further, by 30 bits or larger. 

Furthermore, in the first embodiment, the sampling 
rateof the A/D converter 40 is not specif ically described , 

20 however, the sampling rate of the A/D converter 40 is 
required to be higher than the chip rate of the correlator 
10, and in particular, in order to ensure a sufficient 
S/N ratio of the output signal of the signal processor 
60, it is preferable that the sampling rate of the A/D 

25 converter 40 is 4 times or more as large as the chip rate 
of the correlator 10. 
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Furthermore, in the first embodiment, the signal 
processor 60 is designed to start the summing processing 
of the digital data within the memory 50 corresponding 
to each of the divided codes Ci - C 16 upon receiving 

5 the timing signal from the control unit 70, and then 
outputs the summed result, however, the present invention 
is not limited to this, and it may be arranged to provide 
a window for allowing the computation processing only 
for signals within a limited time region. 
10 Furthermore, in the second and third embodiments, the 

detailed arrangement of each of the delay elements DL X 
- DL15 is not described , however , each of the delay elements 
DLi - DLis may be arranged, for example, by a surface 
acoustic delay line, a tapped delay line, or the like. 

15 In particular, when each of the delay elements DLi - DLi 5 
is arranged by the surface acoustic wave delay line, since 
it is possible to form on the same substrate as the one 
mounting a correlator 10 made up of a surface acoustic 
wave convolver, or a surf ace acoustic wave matched filter , 

20 the scale of the whole circuitry can be made small and 
preferable. Moreover, since the surface acoustic wave 
delay line, the surface acoustic wave convolver, and the 
surface acoustic wave matched filter are all passive 
elements which do not consume electric power, it is 

25 possible to realize a circuitry with low electric power 
consumption . 
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In the first, second and third embodiments, the A/D 
converter 40, the memory 50, and the signal processor 
60, or the delay elements DLi - DL 15 and the adder 60a 
correspond to the signal processing means in claim 2, 

5 and the control unit 70 corresponds to the control means 
in claim 2. Furthermore, the A/D converter 40 
corresponds to the A/D converter in claim 3 , and the memory 
50 corresponds to the memory means in claim 3, and the 
divided codes Ci - Ci 6 correspond to the divided codes 

10 in claims 1 to 7 . 

Next , a fourth embodiment of the spread spectrum s ignal 
processing apparatus according to the present invention 
will be explained with respect to the drawings, Figs 8 
to 12. 

15 m this fourth embodiment, the spread spectrum signal 

processing apparatus according to the present invention 
is applied to a receiver in a spread spectrum communication 
in which the spreading code of 256 bits is used as in 
the next generation mobile communication system such as 

20 IMT-2000 or the like, and code multiplexing is performed. 
More specifically, the synchronization recognition and 
the despreading of the spread spectrum signal 

are applied to the case wherein a correlator smaller than 
the interaction length corresponding to the length of 

25 the spreading code is used. In this respect, as the 
spreading code, for example, according to IMT-2000, the 



40 



Gold code of 256 bits is used. 

in the first to third embodiments, the despreading 
code is divided into a plurality of codes in advance, 
and each divided code is made to generate in succession 
as a reference signal in accordance with the arrangement 
order in the despreading code. However, in such a 
structure, it is possible to perform the synchronization 
recognition and the despreading without any problem in 
the case wherein a phase difference between the spread 
signal and the reference signal is less than the divided 
code length, however, when the phase difference is larger 
than that, it becomes impossible to perform the 
synchronization recognition and the despreading. In 
order to solve this problem, in the fourth embodiment, 
some of the divided codes is made to generate in 
succession as a reference signal, and after detecting 
the initial synchronization, each divided code is made 
to generate in succession in accordance with the 
arrangement order in the despreading code. 

First, the construction of the spread signal which 
is the object of processing in this embodiment will be 
explained with reference to Fig. 8. 

The spread signal, as shown in Fig. 8, is comprised 
of a plurality of superframes, and each superframe has 
a frame period of 720 ms , and further includes 72 radio 
frames. Each radio frame has a frame period of 10 ms , 
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and includes 16 time slots. Each time slot has a slot 
period of 0 .625 ms, and includes a pilot symbol, a logical 
channel, and a spreading code for synchronization 
acquisition. The pilot symbol, the logical channel, and 
5 the spread code for synchronization acquisition 

respectively include 4 symbols, 5 symbols, and 1 symbol, 
wherein 1 symbol has 256 bits. 

The spread spectrum signal processing apparatus 
according to the present invention is designed to perform 
10 the acquisition of synchronization with the spread signal 
by using a despreading code for despreading the spreading 
code for the above-mentioned synchronization 
acquisition (hereinafter, referred to as merely a 
spreading code). In the following description, the 
15 abbreviation "TPN" second means a period of the spreading 
code, and "TC" second means a period per 1 bit of the 
spreading code, and here, there is a relation that a 
spreading code length x TC= TPN. 

Next, a structure of a spread spectrum signal 
20 processing apparatus according to the present invention 
will be explained with reference to Fig. 9 which is a 
block diagram showing a circuit arrangement of an 
embodiment of the spread spectrum signal processing 
apparatus . 

25 The spread spectrum signal processing apparatus 

comprises as shown in Fig. 9, a correlator 3 for 
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correlating a spread signal with a reference signal, a 
reference signal generating portion 100 for generating 
a reference signal and supplying to the correlator 3, 
a despreading portion 110 for despreading the spread 
signal supplied thereto, a converting portion 120 for 
detecting the correlation signal from the correlator 3 
and for converting into a digital signal, a memory 9 for 
storing the digital signal from the converting portion 
120 as digital data, a signal processing portion 130 for 
detecting a phase difference between the spread signal 
and the reference s ignal by making reference to the digital 
data of the memory 9 and for determining a generating 
timing of the reference signal, amplifiers la and lb, 
band-pass filters 2a and 2b, and a synchronizing pulse 
output circuit 8. 

The correlator 3 is a surface acoustic wave convolver 
designed at an operating frequency f 0 , and has an 
interaction length corresponding to 1/4 (64 bits) of a 
length of the spreading code. One input of the correlator 
3 receives the spread signal through the amplifier la 
and the band-pass filter 2a, and the other input receives 
the reference signal from the reference signal generating 
portion 100 through the amplifier lb and the band-pass 
filter 2b, and a convolution signal (hereinafter, 
referred to as a correlation signal) of both the input 
signals is output. In this respect, since the chip rate 
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is 4.096 Mcps and the length of the spreading code is 
64 bits, and supposing that the surface acoustic wave 
velocity is 4000 m/s, the interaction length L will be 
64 mm from the above-mentioned equation (1). 

The amplifiers la and lb are high frequency amplifiers 
which amplify the input signals to the correlator 3 to 
a signal intensity sufficient to operate the correlator 
3. They have a function to uniformly amplify a signal 
within a frequency range of f 0 ± (1/TC). Also, the 
band-pass filters 2a and 2b are filters for attenuating 
undesired signals such as spurious signal outside the 
frequency range of f 0 ± (1/TC). 

The reference signal generating portion 100 includes 
a system clock generating circuit 13 for successively 
generating a clock pulse having a frequency corresponding 
to 4 times ormoreas largeas the chip rate of the correlator 
3, a reference signal generating circuit 12 operated by 
the clock pulse from the system clock generating circuit 
13 and generating a reference signal, an R/C filter 14 
which is a root Nyquist filter for performing band 
compression, and an orthogonal modulator 15. 

In the reference signal generating circuit 12, a 
despreading code which is formed by time inverting a code 
identical with the spreading code is divided beforehand 
into a plurality of codes Ci-C 4 each having a 1/4 length 
of the despreading code, so that the length of each code 
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corresponds to the length of the interaction length of 
the correlator 3, and the divided code Ci is generated 
successively as a reference signal, and when a reference 
change-over pulse (which will be described later) is input 
5 from a signal processing circuit 18 described later, each 
of the divided codes C1-C4 is generated in succession as 
a reference signal in accordance with the arrangement 
order in the despreading code, and these generated 
reference signals are supplied to the amplifier lb through 
10 the R/C filter 14 and the orthogonal modulator 15. 

Furthermore, at the timing of generating a leading bit 
of each of the divided codes C 1 -C ir a leading bit pulse 
is generated, and at the same time, when a restart pulse 
is received from a restart pulse generating circuit 11, 
15 an initial value of the code generation provided within 
the inside is cleared to zero, and at the input timing 
of the restart pulse, each of the divided codes Ci-C 4 is 
regenerated from the leading bit thereof. 

The despreading portion 110 performs modulation of 
20 the type similar to the one which was used in spreading 
the spread signal, and includes an orthogonal demodulator 
4 for converting the spread signal supplied thereto into 
an I/Q signal, an ADC 7a for converting the I signal from 
the orthogonal demodulator 4 into a digital signal, an 
25 ADC 7b for converting the Q signal from the orthogonal 
demodulator 4 into a digital signal, and a despreading 
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circuit 5 for despreading the digital signals from the 
ADCs 7a and 7b. 

The despreading circuit 5 has a function to produce 
a despreading code in the inside for despreading the 
spreading code, and performs despreading of the digital 
I signal from the ADC 7a and the digital Q signal from 
the ADC 7b by using the produced despreading code. This 
despreading is performed at the timing at which a 
synchronizing pulse is supplied from a synchronizing 
pulse output circuit 8. 

The converting portion 120 includes a low noise 
amplifier lc, a band-pass filter 2c for attenuating 
undesired signals such as a spurious signal or the like 
which are outside a frequency range of 2f 0 ± (1/TC), a 
detector 6 for detecting the correlation signal 
output from the correlator 3 through the low noise 
amplifier lc and the band-pass filter 2c, an ADC 7c for 
converting the correlation signal detected by the 
detecting circuit 6 into a digital signal, three delay 
elements 16a-16c connected in cascade for delaying the 
digital signal from the ADC 7c , and an adder 17 for summing 
a delayed signal from each of the delay elements 16a-16c 
and the digital signal from the ADC 7c. 

The detector 6 is designed to full-wave rectify the 
correlation signal from the correlator 3, and at the same 
time, to convert into a lower frequency band. 
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The delay element 16a receives the digital signal from 
the ADC 7c , and delays the digital signal by a time duration 
(for example, 16 micro sec) corresponding to the length 
of each of the divided codes C 1 -C 4r and the delay elements 
5 16b and 16c receive respectively a delayed signal from 
the preceding stage, and delays the received delayed 
signal by a time duration corresponding to the length 
of each of the divided codes C 1 -C 4 . 

A memory 9 has two banks A and B respectively operable 
10 by different clocks for writing and reading , and the banks 
A and B can be changed over in response to a leading bit 
pulse . In these banks A and B, one bank serves as a storing 
bank for storing the digital signal from the ADC 7c as 
digital data, and the other bank serves as a reading bank 
15 for reading out the stored digital data by the signal 
processing portion 130. These banks A and B are 
alternately changed over to the storing bank and to the 
reading bank by inputting a leading bit pulse. 

For example, now, supposing that the bank A is serving 
20 as the storing bank, and the bank B is serving as the 
reading bank, the bank A stores the digital signal from 
the ADC 7c as the digital data in sequence from a leading 
address. Next, upon receiving the leading bit pulse, 
the bank A becomes the reading bank, and the bank B becomes 
25 the storing bank. In this manner, when the banks are 
changed over, a store starting address and a read starting 
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address are made to be the leading address, and the bank 
B stores the digital signal from the ADC 7c in sequence 
from the leading address, and the bank A becomes readable 
the digital data stored before the change-over in sequence 
from the leading address. 

The signal processing portion 130 includes a signal 
processing circuit 18 for processing the digital data 
of the memory 9, and a restart pulse generating circuit 
11 for generating a restart pulse at the time corresponding 
to the number of bits of deviation calculated by the signal 
processing circuit 18. 

The signal processing circuit 18 detects a maximum 
peak from the digital data of the memory 9 at the time 
when a leading bit pulse is input, and detects its level 
and an address value. The signal processing circuit 18 
outputs a reference signal change-over pulse based on 
the detected maximum peak level , and calculates the number 
of bits of deviation between a spreading code contained 
in the spread signal and a despreading code contained 
in the reference signal, and specifically, a signal 
processing shown in a flow chart of Fig. 10 is implemented . 
Fig. 10 shows the flow chart of the signal processing 
executed by the signal processing circuit 18. 

Upon execution of the signal processing in the signal 
processing circuit 18, as shown in Fig. 10, proceeds to 
step S100, and decides whether a leading bit pulse is 
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input or not, and when it is decided that the leading 
bit pulse is input (Yes) , proceeds to step S102, however, 
when it is decided it is not (No), the step S100 is repeated 
until the leading bit pulse is input. 
5 In step S102, digital data is read from the read-out 

bank of the memory 9, and a maximum peak level L PK and 
an address value on the memory 9 at which the digital 
data is stored are detected from the read-out digital 
data, and proceeds to Step 104 in which it is decided 
10 whether the maximum peak level L PK exceeds a preset 

standard value a x or not. This step S104 is a processing 
to determine whether the maximum peak level L PK is actually 
detected as a correlation peak or it is detected merely 
as a noise, and when the maximum peak level L PK exceeds 
15 the standard value, it is decided that the maximum peak 
level L PK is detected as the correlation peak. 

As a result of the decision in step S104, when it is 
decided that the maximum peak level L PK exceeds the 
standard value ai (Yes), proceeds to step S106, and it 
20 is decided whether the maximum peak level L PK exceeds a 
preset standard value a 2 ( a 2 > ai). This step S106 is 
a processing to determine whether the maximum peak level 
L PK is detected as an overlapped correlation peak of 
respective correlation peaks of respective divided codes 
25 d - C 4 , or the maximum peak level L PK is detected as any 
one of the correlation peaks respectively corresponding 
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to the divided codes Ci - C 4 . And when the maximum peak 
level L PK exceeds the standard value ct 2 , it is decided 
that the maximum peak level L PK is detected as the 
overlapped correlation peaks of all the correlation peaks 
5 respectively corresponding to the divided codes Ci - C 4 . 

As a result of the decision in step S106, when it is 
decided that the maximum peak level L PK exceeds the 
standard value oi (Yes), proceeds to step S108, and a 
synchronization acquisition processing is executed to 
10 perform synchronization acquisition, and then proceeds 
to step S100. The synchronization acquisition 
processing in step S108, for example, is as follows. 

The number of bits of deviation between the spreading 
code and the despreading code is calculated on the basis 
15 of the address value of the detected maximum peak. Then 
it is decided whether the calculated number of bits is 
equal to "0" or not, and when it is decided that the number 
of bits of deviation is "0" (Yes), a coincidence pulse 
indicating that the phase of the spreading signal 
20 coincides with that of the reference signal is output 
to the synchronization pulse output circuit 8, and the 
calculated number of bits of deviation is output to the 
restart pulse generating circuit 11. On the other hand, 
when it is decided that the calculated number of bits 
25 of deviation is not "0" (No), the calculated number of 
bits of deviation is output to the restart pulse generating 
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circuit 11. 

On the other hand, in the step S106, when it is decided 
that the maximum peak level L PK does not exceed (No) the 
standard value cc 2 , proceeds to step 110, and the reference 
signal change-over pulse is output to the reference signal 
generating circuit 12, and goes to step S100. 

On the other hand, in the step S104 , when it is decided 
that the maximum peak level L PK does not exceed (No) the 
standard value <x lr proceeds to step 100. 

Next, the fourth embodiment mentioned above will be 
explained with reference to Figs . 1 1 and 12 . Fig. 11 shows 
an example of the correlation processing in the correlator 
3, and Fig. 12 is a time chart showing the correlation 
signal at points A and B in Fig. 9. 

First, in the reference signal generating circuit 12, 
when the clock pulse is input from the system clock 
generating circuit 13, in synchronism with this, the 
divided code Ci is generated as the reference signal, 
and the generated reference signal is output to the 
correlator 3 through the R/C filter 14, orthogonal 
modulator 15, amplifier lb, and band-pass filter 2b. 

On the other hand, when a spread signal is received 
by an antenna not shown, the received spread signal is 
converted by a frequency converter such as a mixer into 
a signal having an operating frequency f 0 of the correlator 
3, and then supplied to the correlator 3 through the 
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amplifier la, and band-pass filter 2a. 

For example, as shown in Fig. 11, supposing that the 
spreading code consists of a plurality of divided codes 
C'i - C 4 each having a length of 1/4 of the spreading 
code, and in this case, when a phase difference between 
a portion of the spread signal corresponding to the divided 
code C'i and the reference signal is not less than one 
code period, the correlation between the reference signal 
and the spread signal is determined in the correlator 
3 , however, since these signals do not coincide with each 
other in a range of the interaction length, a correlation 
signal including a high level peak is not generated. 

However, when the spread signal including the 
spreading code is input to the correlator 3, and further 
when the phase difference between the portion of the spread 
signal corresponding to the divided code C'i and the 
reference signal is not greater than one code period, 
in the correlator 3, the correlation between the spread 
signal including the divided code C i and the reference 
signal is determined, and as a result, a correlation signal 
including a high level peak is generated. When such a 
correlation signal from the correlator 3 is detected in 
the detector 6, the detected correlation signal is 
converted into a digital signal by the ADC 7c, and then 
stored in the memory 9 through each of the delay elements 
16a - 16c. 
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On the other hand, when a leading bit pulse is input 
by the reference signal generating circuit 12, in the 
memory 9, for example, the digital signal from the adder 
17 is stored from a leading address of the bank A in sequence 
5 as digital data. And when the next leading bit pulse 
is input from the reference signal generating circuit 
12, in the memory 9, the bank A becomes the reading-out 
bank, and at the same time, the bank B becomes the storing 
bank. Thus, the digital data stored in the bank A of 

10 the memory 9 is read out in sequence from the leading 
address by the signal processing circuit 18. 

In the signal processing circuit 18, the output peak 
from the read-out digital data is detected as the maximum 
peak level L PK , and since the detected maximum peak level 

15 L PK is a correlation peak, it is greater than or equal 
to the standard value oci and less than or equal to the 
standard value a 2 , the reference signal change-over 
signal is output to the reference signal generating 
circuit 12. 

20 In the reference signal generating circuit 12, when 

the reference signal change-over signal is input, each 
of the divided codes Ci - C 4 is supplied in this sequence 
to the correlator 3 repeatedly as a reference signal. 
However, the generation of the reference signals begins 

25 with the divided code C 2 . 

On the other hand, after the spread signal including 
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the divided code C'i is supplied to the correlator 3, 
as shown in Fig. 11 , subsequently, since the spread signal 
including the divided codes C' 2 - C' 4 which constitute 
the spreading code is input, in the correlator 3, first, 
5 the correlation between the spread signal including the 
divided codes C 2 and the reference signal including the 
divided code C 2 is determined, and as a result, a 
correlation signal including a peak of a high level is 
output. In the same manner, the correlation between the 

10 spread signal including the divided codes C 3 , C 4 and 
the reference signal including the divided codes C 3 , C 4 
is determined, and correlation signals including peaks 
of a high level as shown in Fig. 12(a) are sequentially 
output. When such correlation signals from the 

15 correlator 3 are detected by the detector 6, the detected 
correlation signals are converted into a digital signal 
by the ADC 7c and output to the memory 9 through each 
of the delay elements 16a - 16c. 

Thus, when the correlation signals are sequentially 

20 output, since each of the correlation signals output 
correspondingtoeachofthedividedcodes Ci-C 4 is delayed 
by the delay element 16a by a time period corresponding 
to a length of each of the divided codes C 1 - C 4 , at the 
adder 17, the correlation signal corresponding to the 

25 divided code Ci and delayed by the delay element 16a is 
added to the correlation signal corresponding to the 
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divided code C 2 , and the added result is output. 
Subsequently, the correlation signals respectively 
corresponding to the divided codes C 1 and C 2 and delayed 
respectively by the delay elements 16a and 16b, and the 
correlation signal output corresponding to the divided 
codes C 3 are added, and the added result is output. 

In the same manner, at the adder 17, the correlation 
signals respectively corresponding to the divided codes 
Ci - C 4 and delayed respectively by the delay elements 
16a - 16c, and the correlation signal which is output 
corresponding to the divided code C 4 are added, and the 
added result is output. 

Since the processing of the correlation signals is 
performed as described above, when the spread signal 
including the spreading codes is input, the correlation 
signals which are output at the adder 17 respectively 
corresponding to the divided codes Ci - C 4 are shown in 
Fig. 12(b). 

Specifically, when the divided code d is input to 
the correlator 3 as the reference signal, if the spread 
signal including the portion of the divided code d of 
the spreading code is input, in the correlation signal, 
a peak of a high level appears at a time point at which 
the inputting of the spread signal including the divided 
code C'i has been finished. Similarly, when the divided 
codes C 2 - C 4 are input to the correlator 3 as the reference 
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signals, if the spread signal including the portions of 
the divided code C ' 2 - C ' 4 of the spreading code are input , 
in the correlation signal, a peak of a high level appears 
at a time point the same as the case in the divided code 
5 d . 

Accordingly, when the correlation signals are 
respectively delayed and summed, since each of the peaks 
appears at the same time point, all the peaks are summed 
overlapped, and a peak of further high level appears on 

10 the summed result. 

On the other hand, in the memory 9 , such digital s ignals 
from the adder 17 are stored as digital data sequentially 
from the leading address of the bank B. And, when the 
next leading bit pulse is input by the reference signal 

15 generating circuit 12 , in the memory 9 , the bank A becomes 
the storing bank and at the same time, the bank B becomes 
the reading-out bank, and the digital data stored in the 
bank B of the memory 9 is read out sequentially from the 
leading address by the signal processing circuit 18. 

20 In the signal processing circuit 18, the output peak 

is detected as a maximum peak level Lpk, and since the 
detected maximum peak level Lpk is formed by overlapping 
all the correlation peaks which are output respectively 
corresponding to the divided codes Ci - C 4 , it becomes 

25 not less than the standard value a 2r the ronization 
acquisition processing is executed. 
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As mentioned above, in the present embodiment, there 
are provided with the correlator 3 corresponding to the 
length of the divided code, the reference signal 
generating portion 100, the converting portion 120, the 
5 memory 9, and the signal processing circuit 18, and the 
divided code C x is successively generated as a reference 
signal until the signal processing circuit 18 detects 
a peak level not less than the standard value a 2 , and 
after the signal processing circuit 18 detects the peak 

10 level not less than the standard value a 2 , each of the 
divided codes Ci - C 4 is successively generated as a 
reference signal in accordance with the arrangement order 
in the despreading code. However, the generation begins 
with the divided code C 2 . 

15 By virtue of this, in the case where the correlator 

3 corresponding to the length of the divided code is 

used, even when the phase difference between the spread 
signal and the reference signal is longer than the length 
of the divided code, it is possible to acquire the spread 

20 signal relatively reliably . Thus , in the spread spectrum 
communication using the spreading code having a 
relatively long code length, it is possible to reduce 
the synchronization acquisition time required until the 
synchronization acquisition, and at the same time, the 

25 power consumption can be reduced. Still further, it is 
possible to perform the synchronization recognition and 
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the despreading relatively accurately while achieving 
a small-sized circuit scale. 

Furthermore, in the present embodiment, the 
converting portion 120 includes the low-noise amplifier 
5 lc, the band-pass filter 2c, the detector 6, the ADC 7c, 
the three delay elements 16a - 16c connected in cascade, 
and the adder 17 for summing the delayed signals from 
each of the delay elements 16a - 16c and the digital signal 
from the ADC 7c, and in the delay element 16a, the digital 

10 signal from the ADC 7c is delayed by a time corresponding 
to the length of each of the divided codes d - C 4 , and 
in the delay element 16b, 16c, the delayed signal from 
the previous stage 16a, 16b is delayed by a time 
corresponding to the length of each of the divided codes 

15 C x - C 4 . 

By virtue of this, in the memory 9, since all the 
correlation peaks respectively output corresponding to 
the divided codes C 1 - C 4 are stored overlapped, it is 
only necessary that the memory 9 has the capacity 
20 corresponding to the length of the divided code. 
Accordingly, as compared with the case where the 
despreading code is used as it is without dividing, the 
memory can be constituted with smaller capacity. 

Furthermore, in the present embodiment, each of the 
25 divided codes Ci - C 4 is formed with the same length. 

As a result, in the case where the despreading code 
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is divided by the same dividing number, as the correlator 
3, it is possible to use a correlator having a minimum 
length of interaction. 

In the above-mentioned fourth embodiment, the spread 
5 spectrum signal processing apparatus according to the 
present invention is applied to the case where the 
synchronization recognition of the spread spectrum 
signal, and the despreading are performed by digital 
processing, however, the present invention is not limited 

10 to this, and it is possible to apply to the case where 
the synchronization recognition of the spread spectrum 
signal, and the despreading are performed by analog 
process ing . 

Furthermore, in the above-mentioned fourth 

15 embodiment, although it is constituted by using the memory 
of the bank type, the present invention is not limited 
to this , and it is possible to constitute by using a buffer 
of the ring type where a shift register for holding 
digital data corresponding to one code period of reference 

20 signal is provided, and the digital data is stored at 
the time of inputting a leading bit pulse, sequentially 
from the top of the shift register. 

Furthermore, in the above-mentioned fourth 
embodiment, although the length of each of the divided 

25 codes C x - C 4 is formed with 64 bits, in order to ensure 
a sufficient S/N ratio for the output signals of the 
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correlator 3, it is preferable to form the length of each 
of the divided codes Ci - C 4 with equal to or larger than 
10 bits, or further, with equal to or larger than 30 bits. 
Of course, the length of interaction of the correlator 
5 3 is changed to match this length. 

Furthermore, in the first, second, third, and fourth 
embodiments, as the spreading code, the Gold code of 256 
its is used by dividing it. However, it is not limited 
to this , and as the spreading code, it may use a combination 
10 of a plurality of codes including the Gold code and the 
M system (hereinafter, referred to as Gold code, etc.) 
having a code length corresponding to the interaction 
length of the correlators 3 and 10. In the case of the 
latter, the maximum peak of a further high level higher 
15 than that of the former case is output . This is because 
that the self-correlation property of the Gold code, etc. 
is represented by only its code length. That is, in the 
former case, although the self -correlation property is 
provided as a whole, in an individual processing the 
20 self-correlation property is deteriorated. 

Accordingly, in such a structure, since a further high 
level maximum peak is output when the phases of the spread 
signal and the reference signal are coincident with each 
other, it is possible to perform the synchronization 
25 recognition and the despreading more accurately. 
Furthermore, in the above-mentioned fourth 
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embodiment, in executing the signal processing of the 
flow chart in Fig. 10, it is explained as to the case 
where the signal processing circuit 18 executes directly, 
however, without being limited to this, the signal 
5 processing may be executed by forming the signal 

processing circuit 18 by connecting a CPU, a RAM, and 
a ROM by a bus , and by storing a program of these procedures 
in a storage medium, and by reading the program into the 
RAM from the storage medium. 

10 Here, the storage medium includes semiconductor 

storage mediums such as a RAM, a ROM, etc. and storage 
mediums of a magnetic-storage type such as a FD, a HD , 
etc. and storage mediums of an optical readout type such 
as a CD, a CVD , an LD , and a DVD, etc. and magnetic storage 

15 type/optical readout type storage mediums such as a MO, 
etc. and thus, any type of storage mediums are included 
if they are readable by a computer, irrespective of their 
readout method such as an electronic, magnetic, optical, 
etc . 

20 Next, an example of a spread spectrum signal 

processing apparatus according to the present invention 
will be explained with reference to Figs. 13 and 14. 

In this example, in the case of performing the spread 
spectrum communication by using the spreading code of 

25 256 bits specified in IMT-2000, an upper limit of the 
dividing number of the despreading code is defined in 
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the case where the despreading code is formed by time 
reversing a code identical with the spreading code, and 
the despreading code is used by dividing into a plurality 
of codes. 

5 In the case where the despreading code is divided into 

n codes, supposing that the level of correlation peak 
which is output when the despreading code is used without 
dividing it is 1, the correlation peak which is output 
corresponding to each divided code has a 1/n level. For 

10 example, when the despreading code is used by dividing 
it into 8 divided codes, the correlation peak which is 
output corresponding to each divided code has a 1/8 level . 
As a result, as the number of the divided codes increases 
larger and larger, although it is possible to reduce the 

15 interaction length of the correlators 3 and 10, there 
is a problem that as its number is increased, the level 
of the correlation peak is reduced, and it is difficult 
to detect the initial synchronization. 

The correlation signals which are output in the case 

20 where the despreading code of 256 bits is divided into 
8 divided codes are shown in Fig. 13, and the correlation 
signals which are output in the case where the despreading 
code of 256 bits is divided into 16 divided codes are 
shown in Fig. 14. In the case of the former where it 

25 is divided into 8 divided codes, according to Fig. 13, 
the level of the correlation peak which is output 
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corresponding to each divided code is reduced, however, 
since this level is somewhat larger than the noise level, 
it is seen that the detection of the correlation peak 
is possible to some extent. However, in the case of the 
5 latter where it is divided into 16 divided codes , according 
to Fig. 14, since the level of the correlation peak which 
is output corresponding to each divided code is reduced 
to the noise level, it is seen that the detection of the 
correlation peak is very difficult. 

10 Accordingly, considering to trade of f the small-sized 

circuit scale by reducing the interaction length of the 
correlators 3 and 10 for the accuracy of the 
synchronization recognition and the despreading, the 
upper limit of the dividing number of the despreading 

15 code is 8 when the despreading code of 256 bits specified 
by the IMT-2000 is used by dividing it. 

INDUSTRIAL APPLICABILITY 
As described in the f oregoings , according to the spread 
20 spectrum signal processing apparatus as set forth in 
claims 1 to 7 of the present invention, as compared with 
the prior art, an advantageous effect is obtained in which 
in the spread spectrum communication using a long 
spreading code, the synchronization recognition of the 
25 spread spectrum signal and the despreading can be achieved 
by using a correlator of the size mountable on a portable 
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equipment . 

Furthermore, according to the spread spectrum signal 
processing apparatus as set forth in claim 6 of the present 
invention, in the case where the spreading code is divided 
5 by the same dividing number, an advantage is obtained 
in that a correlator having a minimum interaction length 
can be used. 

Furthermore, according to the spread spectrum signal 
processing apparatus as set forth in claim 7 of the present 

10 invention, as compared with the case where the correlator 
is constituted by a surface acoustic wave matched filter 
or a digital matched filter, only one correlator is needed 
when it is desired to use the despreading code by dividing 
it, and yet, as compared with the case where it is 

15 constituted by the digital correlator, an advantage is 
obtained in that it is possible to achieve a small-sized 
circuit scale due to small power consumption, and at 
the same time to reduce the consumption of power. 

Furthermore, according to the spread spectrum signal 

20 processing apparatus as set forth in claim 8 of the present 
invention, as compared with the prior art, in the spread 
spectrum communication using a relatively long code 
length as the spreading code, an advantage is obtained 
in that it is possible to reduce the synchronization 

25 acquisition time required until the synchronization 
acquisition, and at the same time, it is possible to reduce 
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the power consumption, and it is possible to perform the 
synchronization recognition and the despreading 
relatively accurately while achieving a small-sized 
circuit scale. 

5 On the other hand, according to the spread spectrum 

signal processing apparatus as set forth in claim 9 of 
the present invention, as the correlator which is used 
either in the synchronization recognition means or in 
the despreading means , there is no need to use a correlator 
10 having an interaction length corresponding to the 

spreading code, and a correlator having an interaction 
length corresponding to the divided code can be used. 
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